Abstract Anastomotic leakage is a serious complication that can occur after colorectal surgery. Several risk factors for anastomotic leakage have been reported based on the findings of prospective and retrospective studies, including patient characteristics, the use of neoadjuvant therapy, the tumor location, intraoperative events, etc. However, as these risk factors affect each other, the statistical results have differed in each study. In addition, differences in surgical methods, including laparoscopy versus laparotomy or stapling anastomosis versus handsewn anastomosis, may influence the incidence of anastomotic leakage. This minireview summarizes the results of reported papers to clarify the current evidence of risk factors for anastomotic leakage.
Introduction
Anastomotic leakage is a severe and potentially fatal complication that can occur after colorectal surgery. The rate of anastomotic leakage after colon and rectal resection is widely reported to be between 2 and 23 % [1] [2] [3] [4] [5] [6] [7] [8] . Due to anatomical and technical reasons, the leakage rates differ between colonic and rectal surgeries, reported to be 11-12 and 3-4 %, respectively [9] [10] [11] [12] [13] [14] [15] . Furthermore, the leakage rates also differ from institution to institution, even when using the same surgical procedure.
Such differences do not indicate an inequality in surgical techniques, but rather depend on the patient conditions and many other factors. Although several risk factors for anastomotic leakage have been identified, including patient characteristics and the use of neoadjuvant chemoradiation therapy and certain kinds of drugs such as steroids, the statistical results have been different in each report and the useful predictive factors for anastomotic leakage after colorectal surgery remain unclear. The aim of this minireview is to summarize the results of recent reports evaluating the risk factors for anastomotic leakage.
General characteristics of risk factors for anastomotic leakage
Relevant studies were identified in a search of the MEDLINE (Pub-Med) databases with no restrictions. We also reviewed the reference lists of the retrieved articles. Many authors have prospectively or retrospectively investigated the risk factors for anastomotic leakage using their own data. Table 1 shows a list of relatively recent reports investigating these risk factors [10, 11, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Five studies [10, 11, 18, 20, 25] collected data in multicenter trials, while the other studies [16, 17, 19, 21-24, 26, 27] collected data from their own institution. Leakage appears to be a primary issue for rectal surgery in particular; therefore, six of the fourteen articles were restricted to the rectum only. This is one reason why the rates of leakage differ widely, as tumor localization in the left-sided colon or rectum is generally accepted to be a risk factor for anastomotic dehiscence [11, 17] .
The correlations between the patient characteristics and anastomotic leakage are summarized in Table 2 . Age was not found to be associated with an increased risk of anastomotic leakage in any study. A selection bias might account for this finding. For example, elderly patients tend to reject surgery, or are selected to undergo safer procedures without anastomosis. A male gender was found to be associated with an increased risk of leakage in some reports [11, 23, 25, 26] . Generally, the difficulty of performing surgery in the narrow male pelvis is associated with an increased risk of anastomotic leakage in patients with rectal cancer [23] . The American Society of Anesthesiologists (ASA) classification was shown to have statistical significance in two studies [11, 27] . Diabetes was not found to influence the anastomotic leakage in any of these series. Preoperative steroid use is widely accepted as a risk factor for developing anastomosis, and three studies showed statistical significance for this factor. On the other hand, some studies did not demonstrate an increased risk for anastomotic complications with steroid use [28] . The exact dosage and duration of steroid use may play an important role in the development of anastomotic leakage [19] . Although not shown in Table 2 , Gorissen et al. [18] mentioned that nonsteroidal anti-inflammatory drugs may be associated with anastomotic leakage. Bowel resection in patients with chronic renal failure has been considered to be associated with an increase in anastomotic leakage [29] . However, only one recent study [27] , shown in Table 2 , identified that renal failure was a risk factor, but the other studies did not examine whether it was a risk factor.
The correlations between surgical events and anastomotic leakage are also summarized in Table 2 . The estimated amount of operative blood loss and the use of consecutive blood transfusions were both independently associated with an increased risk of anastomotic leakage [9, 30] . Blood loss may induce ischemia at the anastomoses and hence impair anastomotic healing. Blood transfusions may induce immunological suppression, thereby increasing the risk of infectious conditions around anastomoses. Three of the studies shown in Table 2 reported that blood transfusions were a risk factor [11, 25, 27] . Although other studies have reported that the use of intraoperative blood transfusions is unlikely to be a risk factor for anastomotic leakage, several studies have shown that substantial intraoperative blood loss, which is most likely a marker of the need for intraoperative blood transfusions, is associated with an increased risk of anastomotic leakage [27, 31, 32] .
Emergency surgery, which intuitively should place patients at a higher risk of adverse postoperative events, was not found to be associated with anastomotic leakage in three studies (Table 2) , whereas Choi et al. [33] reported that emergency surgery was a risk factor based on the univariate and multivariate analyses. Table 2 summarizes the final conclusions regarding the risk factors associated with anastomotic leakage in each article.
Preoperative preparation
Fecal contamination of the anastomosis is believed to be a major contributing factor to septic conditions and anastomotic dehiscence, and several types of mechanical bowel preparation are routinely used before colorectal surgery to reduce bacterial bowel translocation. In the US, the most commonly used regimens of mechanical bowel preparation include polyethylene glycol solutions and sodium phosphate. Despite the widespread use of mechanical bowel Pts patients Table 2 The statistical results: perioperative risk factors for anastomotic leakage and final conclusions Leichtle [20] 
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Kobayashi [22] preparation, the necessity of bowel cleansing before colectomy has been questioned. European surgeons, in particular, have advocated abandoning this practice. Several small studies have suggested that mechanical bowel preparation does not decrease the risk of postoperative wound infection or anastomotic dehiscence. Slim et al. [34] reviewed seven studies and concluded that mechanical bowel preparation using polyethylene glycol before colorectal surgery increases the rate of anastomotic leakage compared to that observed with no preparation. However, as this review included only a small number of subjects, larger prospective trials are needed to determine whether mechanical bowel preparation before colectomy is necessary. Slim et al. [35] updated their data and reevaluated the role of mechanical bowel preparation in colorectal surgery. In this meta-analysis, which included almost 5,000 patients, there were no statistically significant differences between the mechanical bowel preparation group and the no preparation group with respect to anastomotic leakage, intra-abdominal abscess formation and wound infection. Van't Sant et al. [36] also demonstrated that there was no higher risk of anastomotic leakage or septic complications among the patients who underwent low colorectal surgery, with or without mechanical bowel preparation. Therefore, the occurrence of anastomotic leakage following mechanical bowel preparation remains controversial.
Large bowel obstruction due to colorectal cancer
The surgical strategy for left-sided large bowel obstruction depends on the state of the patients and the policy of the surgeon. In most cases, an emergency operation is required, and after removal of the affected section of the bowel with lymph node dissection, there are various possible procedural options for reconstruction, including primary anastomosis, with the use of a protective stoma if necessary, and Hartmann's procedure. However, there have been few studies showing validated results with regard as to which procedure is the best for each patient [37] [38] [39] . One of the prospective multicenter observational studies from Germany [40] described a recommended surgical procedure for obstructive left-sided colon cancer. They suggested that in cases with advanced obstruction and in high-risk cases, Hartmann's procedures should be used; however, a protective stoma did not appear to confer any advantage.
Although Hartmann's procedure seems to be safe from the point of view that there is no risk of anastomotic dehiscence, it requires a second operation to reverse the colostomy and, therefore, adversely affects the patients' quality of life. The preoperative placement of a selfexpanding metallic stent can decompress the oral side colon, and allow for primary resection and anastomosis [41, 42] . The use of a stent may lead to the development of some complications such as perforation; however, as a bridge to surgery, it has higher successful primary anastomosis and lower overall stoma rates [41] .
Neoadjuvant chemoradiation therapy for rectal cancer surgery
There has been concern that neoadjuvant chemoradiation affects the leakage rate. In particular, preoperative radiotherapy seems to be implicated in the development of anastomotic leakage following rectal surgery [22] . However, several prospective studies failed to show that a short course of preoperative radiation increases anastomotic leakage [43, 44] . Nevertheless, the absence of concomitant chemotherapy and the liberal use of a protective stoma may have influenced these data. In a recent study which analyzed the risk factors for anastomotic leakage following laparoscopic rectal cancer excision [25] , the univariate analysis of the whole data showed that anastomotic leakage was not associated with neoadjuvant chemoradiation. However, the results for the patients without a protective stoma showed that it was a powerful risk factor for leakage. Chang et al. [45] also examined the association using a propensity score matching analysis and concluded that preoperative chemoradiation therapy did not affect the risk of anastomotic leakage after rectal cancer resection.
A diverting stoma should be strongly considered for patients who have received preoperative chemoradiation therapy, especially in males, those with cancer in a low location or the patients who have used steroids.
Laparoscopic versus open surgery
A previous multicenter study suggested that the use of laparoscopic rectal cancer resection should be discouraged due to the high anastomotic leakage rate [46] . However, laparoscopic colorectal surgery has recently become so popular that many surgeons have the case volume needed to complete the learning curve. Such experience may improve the surgical results. Two randomized clinical trials [47, 48] compared the laparoscopic approach with open surgery for colonic cancer and reported equal rates of anastomotic leakage. Furthermore, according to recent studies, the short-term outcomes, including morbidities such as anastomotic leakage, do not differ between laparoscopic and open surgery [49, 50] .
With respect to laparoscopic colorectal surgery, anastomotic leakage is more likely to occur in patients undergoing surgery for low rectal cancer. One reason for this is that laparoscopic surgery for rectal cancer is associated with technical difficulties. In cases of laparoscopic surgery for rectal cancer, intracorporeal stapling devices are used to transect the rectum, which is technically difficult due to the width and limited articulation of the devices. Technical failure in this step appears to be one of the explanations for the increased rates of anastomotic leakage following laparoscopic procedures. Additionally, an increased risk of anastomotic leakage in stapled anastomoses using multiple firing has also been reported [51] . However, these technical problems can be overcome by experience and the development of new devices. In fact, the just recent results of a randomized phase III trial [52] demonstrated the comparable short-term outcomes, including the morbidity, of laparoscopic and open rectal surgery. The authors reported that anastomotic leakage was noted in 13 % of patients who had undergone laparoscopic surgery and 10 % of patients who had undergone open surgery, with no statistically significant differences between the groups [52] .
From these data, it appears that the laparoscopic approach in general may not increase the risk of anastomotic leakage, although additional monitoring is required to draw definitive conclusions.
Diverting stoma
The creation of a stoma should effectively divert the fecal stream from a healing anastomosis and it may mitigate the influence of anastomotic failure. However, the relationship between a diversion stoma and anastomotic leakage is controversial. Only two randomized studies have examined the effects of the use of temporary diverting stomas on the leakage rates after low anterior resection, neither of which showed negative results [53, 54] . However, these studies included only small numbers of patients, and the high rate of leakage may have influenced these results. Eberl et al. [17] reported that proximal diversion is associated with lower leakage rates and lower reoperation rates. However, other authors have reported that the presence of a stoma is associated with postoperative mortality in cases of anastomotic leakage [19, 23] .
On the other hand, stomas made temporally sometimes become permanent. The procedure for stoma reversal usually requires a second hospital stay and sometimes results in morbidity. Koperna et al. [55] reported that, in their study, the hospital stays were significantly prolonged in the stoma group. For this reason, diverting stomas are not routinely used in patients undergoing rectal surgery. Law et al. [23] reported that the absence of a stoma is associated with a significantly increased rate of leakage in male, but not female patients, and in male patients, the leakage rates among those with and without proximal diversion were 5 and 27 %, respectively. The authors concluded that diverting stomas should be routinely used in males.
It is well known that anastomotic leakage tends to occur following low rectal anastomosis. Karanjia et al. [56] showed that, according to their data, all cases of major anastomotic leakage occurred at an anastomotic height of less than 6 cm. Therefore, they recommended that proximal diverting stomas should be created in patients with an anastomosis below 6 cm. Park et al. [25] reported that tumors located less than 7 cm from the anal verge had an increased risk of anastomotic leakage.
Therefore, the construction of a diverting stoma should be considered in patients with suspected risk factors for anastomotic leakage such as male patients and patients with an anastomotic height of less than 6 cm. However, this procedure should be selected according to the discretion of the surgeon based on his/her experience and the characteristics of the individual patients and tumors.
Stapled and handsewn methods of anastomosis
Stapling devices have been in use since the late 1970s. Linear cutter staplers are commonly used to divide tissue between two lines of staples at the same time, while circular staplers are used to create anastomoses, especially in sigmorectal lesions. However, linear cutter staplers are also used to create anastomoses, such as functional end-to-end anastomoses. This anastomotic technique is commonly used for colocolic and ileocolic anastomoses today. Puelo et al. [57] retrospectively analyzed the type of anastomosis technique used for ileocolic anastomosis. Their results showed that the rate of anastomotic leakage is higher in patients with handsewn anastomoses than in those with stapled anastomoses. Moreover, the authors analyzed the type of stapled anastomoses in detail and concluded that the end-to-side configuration is associated with a lower incidence of leakage than the side-to-side configuration. The intervention review edited by the Cochrane Colorectal Cancer Group [58] reported that stapled anastomoses are associated with significantly fewer cases of anastomotic leakage than handsewn anastomoses with respect to ileocolic anastomoses. In a subgroup analysis of cancer patients, the use of a stapled anastomosis led to a significantly lower rate of anastomotic leakage [58] .
The development of circular staplers has enabled the easy and safe creation of anastomoses during low anterior resection for rectal cancer; however, anastomotic leakage continues to be encountered occasionally. Peeters et al. [10] attempted to identify the risk factors for symptomatic anastomotic leakage in patients undergoing total mesorectal excision for rectal cancer. In that article, the authors compared the use of a stapled anastomosis with the handsewn method with respect to the risk of anastomotic leakage. However, they could not find any statistically significant differences. Law's study [23] showed the same results for these anastomotic techniques.
Akiyoshi et al. [16] identified the risk factors for leakage following surgery for rectal cancer with respect to the use of circular staplers, namely, intracorporeal rectal transection and double-stapling anastomoses. In their results, there were no significant differences in the rate of anastomotic leakage when comparing either the number of cartridges used to transect the rectum or the length of the cartridges. Park et al. [25] reported the finding that multiple firings of a linear stapler were significantly associated with anastomotic leakage. Some surgeons have attempted to modify the double-stapling technique (DST) to reduce the risk of anastomotic leakage. Kang et al. [59] converged the staple line on the middle portion using running sutures and removed the staple line after circular stapler firing. They concluded that this modified method achieves better outcomes with respect to reducing anastomotic leakage than DST. Another comparative study of single-stapled and doublestapled anastomoses reported that there were no statistically significant differences between these anastomotic methods [60] . Some surgeons recommend performing a colonic J-pouch anastomosis, rather than a straight coloanal anastomosis, to minimize the symptoms of increased stool frequency, urgency and incontinence. A number of studies that compared those two techniques showed the functional superiority of the pouch [61] [62] [63] . Several studies found no significant differences in the incidence of anastomotic leakage between the J-pouch and straight coloanal anastomosis [62, 64, 65] . Furthermore, Hallbook et al. [61] reported a significantly lower incidence of anastomotic leakages after a colonic J-pouch anastomosis than after a straight coloanal anastomosis. Therefore, many reports have shown that a stapled anastomosis is superior to the handsewn method in terms of the risk of anastomotic leakage. However, anastomotic region recurrence caused by free cancer cells is a concern when using stapling devices [66] . Yajima et al. [67] reported two instances of staple line recurrence in the same case, in which curative resection was required twice. In addition, the stapled anastomosis is generally associated with important economical expenditures. In cases that require a handsewn method, such as intersphincteric resection (ISR), the best procedure should be selected for the individual anastomosis. In particular, it has been reported that the rate of anastomotic leakage is 6.4 % among cases of ISR with handsewn anastomoses [68] .
The ligation level of the inferior mesenteric artery
During the complete lymph node dissection in cases of leftsided colon cancer or rectal cancer, the inferior mesenteric artery is often ligated at the origin from the aorta (high ligation). However, as the proximal portion of the anastomosis relies on the marginal blood flow coming from the middle colic artery, there is particular concern regarding whether high ligation may increase the risk of the anastomotic leakage. For this reason, the inferior mesenteric artery is ligated while preserving the left colic artery (low ligation). Tsujinaka et al. [69] reported that 2 % of the patients with high ligation developed proximal bowel necrosis, while the patients with low ligation did not suffer from this complication. Trencheva et al. [26] noted that, in their study, the patients with high ligation had a 3.8-fold higher risk of developing leakage than those with low ligation. On the other hand, Corder et al. [70] reported that there was no statistically significant difference in the anastomotic leakage rates between the patients with high ligation and low ligation. Furthermore, Hida et al. [71] reviewed the pertinent literature, and concluded that a high ligation did not represent a source of increased anastomotic leak in rectal surgery.
In cases of high ligation, the poor blood supply may be further exacerbated by the vessel condition of the patients, such as the presence of atherosclerosis or the anatomical variations of the major mesenteric blood vessels and collaterals. A high ligation may be necessary for several reasons, including the need to create a tension-free low rectal anastomosis or to perform an en bloc lymphadenectomy for advanced cancer. However, the indications should be considered carefully in patients with risk factors for poor blood flow during the postoperative period.
Conclusions
Based on recent studies, multiple risk factors for anastomotic leakage have been identified. Such factors should be taken into consideration before and during colorectal surgery to comprehensively assess the risk for anastomotic leakage. Surgeons should, therefore, be aware of high-risk patients so that they can select appropriate measures, such as the use of diverting stomas, during surgery.
